This study evaluated the clinical significance of traumatic anterior shoulder instability (TASI) classification using double-contrast computed tomography (CT) arthrography. Patient were randomly assigned to two groups: group 1 (n = 62); and group 2 (n = 63). TASI symptom severity in group 1 was assessed using physical signs of shoulder trauma and conventional X-ray, CT and magnetic resonance imaging; these patients received either conservative management (with physical rehabilitation) or standard surgery. Group 2 underwent double-contrast CT arthrography to classify TASI; its findings formed the basis of subsequent management. At 24 months post-therapy, significant improvements in clinical outcomes were observed in group 2: Constant scores were higher and Western Ontario Shoulder Instability Index scores were lower. At 24 months, recurrence rates were 21.0% (13/62) in group 1 and 7.9% (5/63) in group 2. Findings suggested that TASI classification using double-contrast CT arthrography provided meaningful information thereby improving treatment efficacy.
Introduction
Shoulder instability, particularly traumatic anterior shoulder instability (TASI), is a common clinical sports injury. 1, 2 Many treatments for TASI have been described 3 -6 but the overall outcome is poor for patients and there are high rates of recurrence, loss of sporting ability, stiff shoulder, glenohumeral osteoarthritis (OA) and other such sequelae. 7 Advances in anatomical, biomechanical and clinical research have somewhat progressed knowledge of the pathogenesis of shoulderrelated trauma and improved the execution of physical examination and imaging studies in affected patients. 8 -11 There are several approaches to the classification of TASI depending on the type and extent of the patient's injury. For example, dislocation of YD Hao, F Cui, WH Zhu et al.
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the glenohumeral joint or repeated episodes of microtrauma are classified differently. 12, 13 In addition, TASI can be divided into recurrent dislocation or subluxation, according to the degree of instability. 14 There is, however, no current classification method that accurately reflects the severity and specific location of a shoulder injury and acts as a guide to indicate the most efficacious treatment approach.
Computed tomography (CT) has proven to be more comprehensive, easier to perform and more accurate in reflecting bone abnormalities compared with plain radiography and magnetic resonance imaging (MRI). 15 -17 Double-contrast arthrography, first reported in 1978, 18 may show soft-tissue damage in the shoulder. CT arthrography (CTA) provides high-quality images and has been widely used to evaluate the extent of osseous and soft tissue abnormalities, 19 particularly in the study of rotator-cuff tears, shoulder instabilities, cartilage lesions, anatomical variants and abnormalities of the glenoid labrum. 10, 20, 21 On the basis of summarizing clinical experience, the present study sought to evaluate the clinical significance of classifying TASI using double-contrast CTA and to test the hypothesis that such a classification system could guide clinicians when making treatment decisions in patients with TASI and, thereby, improve treatment efficacy.
Patients and methods

PATIENTS
Patients who attended the Sports Medicine Centre of Pudong New Area, Shanghai, China, between May 2005 and January 2008, for treatment of shoulder pain or stiffness were included in this study. The inclusion criteria were a patient history, and symptoms and physical signs of TASI.
Exclusion criteria were glenohumeral OA, septic shoulder, contralateral shoulder injury, previous shoulder surgery, allergy to iodine and non-attendance at the CTA examination.
Ethics committee approval was obtained from the Department of Medicine and Life Sciences of Tongji University, Shanghai, China and all patients provided written informed consent prior to entering the study.
STUDY DESIGN AND TREATMENT
Using a random number generator, patients were divided into two groups: group 1 and group 2. Patients in group 1 received standard care, comprising assessment of symptom severity and physical signs of shoulder trauma using X-ray, CT and MRI examinations. They then underwent either rehabilitation or surgery, in line with guidance reported in the literature, 3 depending on the diagnostic findings. Conservative management approaches included immobilization, various methods of shoulder strengthening, stabilization exercises and patient education regarding the avoidance of particular physical activities. Surgery included arthroscopic or open operation, depending on the extent of the individual's injury.
Patients in group 2 underwent iodine allergy testing and conventional X-ray imaging of the injured shoulder. Next, double-contrast CTA was performed, according to the method previously described, 22 using a 64-channel multidetector CT (MDCT) scanner (Brilliance 64; Philips, Eindhoven, The Netherlands). Through the anterior approach, the needle was directed to the glenohumeral joint space under fluoroscopic guidance. For CTA, 4 ml of 60% meglumine diatrizoate (Bayer Schering Pharma, Berlin, Germany) was injected into the joint space, followed by 8 ml YD Hao, F Cui, WH Zhu et al.
Double-contrast CT arthrography in TASI classification
of sterile filtered air. The arm was positioned in neutral rotation and, after 2 min, images were obtained in the transverse plane. As is appropriate for this technique, to obtain contiguous 4-mm thick sections, MDCT scanning proceeded from the superior aspect of the acromioclavicular joint to several centimetres inferior to the glenohumeral joint and included the axillary pouch of the joint. Thin (1 mm) sections were obtained from the superior to the inferior glenoid rim. Images were obtained with the soft-tissue window (width 400 Hounsfield units [HU]; level 50 HU) and the bone window (width 2000 HU; level 200 HU).
All imaging films were read by one radiologist (Y.B.W.). Patients in both groups who received rehabilitation were all treated by one senior rehabilitation therapist. All surgery was performed by one senior surgeon (Y.B.W.).
TASI CLASSIFICATION
Based on the findings of double-contrast CTA relating to injury of the labrum and capsule, TASI was classified into: first-degree injury (avulsion of the anterior glenoid labrum and loosening and enlargement of the anterior capsule with capsular insertion near the labrum; Fig. 1A ); second-degree injury The TASI classification findings provided by double-contrast CTA were used to subdivide group 2 patients into first-, secondand third-degree injury subgroups. Patients in the first-degree injury subgroup underwent a standard 12-week rehabilitation programme. Patients in the second-degree injury subgroup underwent the standard rehabilitation programme but for 16 weeks rather than 12 weeks and, if the outcome was poor at 16 weeks, these patients underwent surgery. Patients in the thirddegree injury subgroup were advised to undergo surgery unless there were contraindications or the patients had multidirectional instability.
POST-SURGERY REHABILITATION
All patients who underwent surgery in groups 1 and 2 received post-surgery rehabilitation as follows: immobilization for 3 weeks (only passive partly forward flexion was permitted); after 3 weeks, passive external rotation was also permitted to achieve a full range of motion; after 6 weeks, muscle-strengthening exercises were started and continued for 12 weeks. Patients were not permitted to return to sports activities until nearly normal muscle strength and range of motion of the shoulder had returned.
ONGOING ASSESSMENTS
Patients' TASI symptoms were assessed pretherapy and at 6, 12 and 24 months post-therapy: the Constant score assessment was used to measure shoulder function, 23, 24 and the total Western Ontario Shoulder Instability Index (WOSI) score was calculated. 25 The rate of instability recurrence was assessed at 24 months posttherapy. Failure was defined as a second dislocation, a recurrent subluxation, or symptoms precluding return to the patient's previous level of activity or occupation. 26 
STATISTICAL ANALYSES
Statistical analyses were carried out using the SPSS ® statistical package, version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Student's t-test was used to analyse data for the Constant and WOSI scores. Pearson's χ 2 analysis was used for the recurrence rate. A P-value ≤ 0.05 was considered to be statistically significant.
Results
A total of 128 patients with TASI were recruited into the study and complete data were obtained for 125 patients, 62 patients randomized to group 1 and 63 to group 2, and were included in the analysis. Table 1 summarizes the patients' baseline characteristics.
In group 1, 34 patients received traditional rehabilitation and 28 were treated with surgery, 27 of whom underwent arthroscopy and one (with a huge osseous defect of the glenoid) had open surgery. In group 2, double-contrast CTA indicated that 14 patients with TASI had first-degree injury, 20 had second-degree injury and 29 had third-degree injury; the latter included three cases with bone lesions of the anterior glenoid and five cases with Hill-Sachs lesions. After 16 weeks' rehabilitation, two patients with second-degree injury had a poor outcome; thus 31 patients from group 2 underwent surgery, 29 of whom underwent YD Hao, F Cui, WH Zhu et al.
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arthroscopy and two (with huge osseous defects of the glenoid) had open surgery. Capsule rupture was identified during surgery in all patients with third-degree injury, thus confirming the findings seen on double-contrast CT (Fig. 2) .
Combining medical histories, clinical symptoms and physical signs of TASI in patients in group 2 revealed that the causes of first-, second-or third-degree injuries were different. First-degree injury was associated with strength changes in the rotator-cuff muscles rather than direct trauma to the labrum and capsule. Most of the patients 
with second-and third-degree injury had a clear history of shoulder trauma: 16 patients with second-degree injury had previously experienced subluxations for which they had not sought medical treatment at the time of acute trauma. Patients with third-degree injury had often experienced dislocations that had been reduced, but not immobilized, at the time of acute trauma and all of the patients had moved their shoulders when they were feeling no pain after this reduction in dislocation.
The mean ± SD pre-therapy Constant scores in groups 1 and 2 were 73.3 ± 11.3 and 71.1 ± 11.7, respectively, and at 24 months' post-therapy they were 82.9 ± 7.7 and 86.4 ± 7.1, respectively (P = 0.004, between-group comparison at 24 months; Fig. 3 ). The pretherapy WOSI scores were 562.2 ± 240.1 and 595.1 ± 247.4 in groups 1 and 2, respectively, and at 24 months post-therapy they were 396.9 ± 141.4 and 341.7 ± 151.7, respectively (P = 0.038, between-group comparison at 24 months; Fig. 4 ).
The rate of instability recurrence at 24 months was 13/62 (21.0%) in group 1 and 5/63 (7.9%) in group 2 (P = 0.04, betweengroup comparison). Instability recurrence occurred in 10 patients treated conservatively and three patients who underwent surgery in group 1, and in three patients treated conservatively and two patients who underwent surgery in group 2. The 10 patients in group 1 who had initially received conservative treatment underwent double-contrast CTA examination after the 24 month follow-up, which revealed serious avulsion of the shoulder capsule in eight patients. These eight patients then underwent surgery. The three patients in group 2 who were treated conservatively also underwent double-contrast CTA after the 24- 
Discussion
Currently, the diagnosis of TASI is based mainly on history taking, physical examination, standard radiographic assessment, CT and MRI scans. The choice of therapy for TASI is mainly dependent on the clinician's experience: for these shoulder injuries there is a lack of a normal comparator to reflect directly the extent of avulsion of the capsule and act as a guide for further treatment. Although the bone structure, the anterior capsule and the labrum of the glenohumeral joint can be visualized using X-ray, CT or MRI imaging, these examinations cannot, however, accurately reflect relaxation or the location and extent of avulsion of the capsule.
Sometimes the patient's symptoms are not in relation to the physical indicators of the extent of injury; therefore, standard imaging assessments may be insufficient for the diagnosis of TASI and are not able to guide treatment decisions to improve the efficacy of interventions for TASI.
As with other medical conditions, the successful treatment of shoulder-related conditions requires an accurate diagnosis and additional information, using special diagnostic imaging techniques, is often necessary. Previously, imaging of the labrum and capsule has been described using double-contrast arthrography and CTA, 27 -29 with the latter being widely used as the standard method. 10,30 CTA can reveal whether the anterior glenoid labrum is triangular and is continuous with the glenoid articular cartilage, and whether the capsule is attached to the glenoid rim. 10,30 
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There is no leakage of contrast agent into the capsule or into the glenoid labrum in normal glenohumeral joints. 31 Double-contrast CTA was used in the present study and showed that the extent of injury of the labrum and capsule could be classified into three separate degrees of injury with different causes. First-degree injury appeared to reflect the extent of changes in the rotator-cuff muscles rather than direct injury to the labrum and capsule. Consequently, therapy that focuses on enhancing rotator-cuff muscle strength and stability training of the scapular can be effective in these patients. Most of the patients with second-or third-degree TASI had a clear history of shoulder injuries for which they had not sought medical treatment at the time of acute injury. These reasons for TASI concurred with those described elsewhere. 32 The standard treatment in the present study for patients with second-degree injury was 16 weeks' conservative management, with surgery reserved for suboptimal responders. Because capsule and labrum injuries are severe in patients with third-degree TASI, surgical treatment should be adopted, unless patients are elderly or refuse such treatment. Such operations can be performed by arthroscopy and include resetting or fixing the labrum, or joint capsule tightening.
If the osseous defect of the glenoid is > 20% or > 5 mm, the TASI recurrence rate is high following arthroscopy 33, 34 and an open procedure is generally unavoidable. 15 During surgery in the present study, it was found that injury associated with the capsule and labrum was in accordance with findings shown on double-contrast CTA. Consequently, we consider that doublecontrast CTA can directly reveal injury to the capsule and labrum and, therefore, indicate the degree of shoulder instability. The Constant and WOSI scores were used to assess patients' TASI symptoms in the present study, both measures being easy to obtain. The Constant score has been shown to be accurately reproducible by different observers and sufficiently sensitive to reveal even small changes in shoulder function. 23, 24 In addition, the WOSI score has a high degree of validity, reliability and responsiveness to conditions of instability relative to several other scores. 25 Before treatment, there were no statistically significant between-group differences for the Constant and WOSI scores in the present study whereas, at the 24-month follow-up, the Constant score was significantly higher and the WOSI score was significantly lower in group 2 than in group 1. The rate of recurrence of instability at 24 months in group 2 was significantly lower than in group 1. Thus, by showing the extent of damage to the joint capsule and labrum, and the degree of shoulder instability and shoulder function, TASI classification using double-contrast CTA was able to help guide treatment decisions and, thereby, improve treatment efficacy and reduce TASI recurrence compared with the standard diagnostic methods.
Because of their non-invasive nature and the inherent improvements in soft-tissue contrast that they offer, MRI and magnetic resonance arthrography examinations have largely replaced traditional CTA when shoulder imaging is required. 35, 36 MDCT offers very short scan times of < 10 s 37 and scans to thicknesses < 1 mm. 21 Lecouvet et al. 10 and Oh et al. 38 compared the use of CTA with examination by MRI. They found that, in the diagnosis of superior labral anterior-posterior injury, Bankart injury or full-rotator cuff injury there were no statistically significant differences in sensitivity or specificity between either technique whereas, in the diagnosis of • Received for publication 16 November 2010 • Accepted subject to revision 18 November 2010
• Revised accepted 17 February 2011 Copyright © 2011 Field House Publishing LLP bone-structure shoulder injuries, such as Hill-Sachs lesions or osseous glenoid defects, CTA was superior to MRI. During double-contrast CTA examination, air is injected into the capsule to inflate it, enabling the location and extent of capsule aversion to be seen more clearly than with MRI and, therefore, helping to determine the most suitable therapeutic programme for individual patients.
The instability recurrence rate in the present study of 21.0% in group 1 is similar to that reported elsewhere, 39, 40 however that of 7.9% in group 2 is lower than reported in the literature. 40 After 24 months' follow-up, double-contrast CTA examinations were performed in 10 patients in group 1 who had experienced TASI recurrence following conservative treatment. These examinations revealed serious avulsions of the shoulder capsule in eight patients, who subsequently underwent surgery. Thus, injuries of the shoulder capsule were not well revealed by MRI or CT.
Double-contrast CTA has other advantages: the examination time is short, the technique is particularly suitable for paediatric patients and it can be performed in patients for whom MRI is contraindicated (due to implants or claustrophobia, for example). Farber and Buckwalter 41 also concluded that double-contrast CTA is extremely useful in post-operative shoulder procedures because it has the ability to scan in the presence of metal without artifacts. Finally, double-contrast CTA is more costeffective to perform and can be undertaken in developing countries. 38 There were some limitations to the present study. Only images in the transverse plane were analysed in order to evaluate anterior shoulder instability. Future research should also analyse images taken in other planes to provide a comprehensive evaluation of shoulder pathology. Furthermore, the study involved only a limited number of cases and a short period of clinical follow-up. These preliminary findings, however, indicated that the classification of TASI using doublecontrast CTA can provide meaningful information about the extent of shoulder injury, thereby facilitating improvements in treatment efficacy.
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